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PREFACE

This report was prepared by Gary M. Trachier, Electronics Technician,

James S. Morse, Electronics Engineer, both of the Engineering and Measure-

merit Services Branch, Technical Services Division, and Steven F. Daly,

Research Hydraulic Engineer, Ice Engineering Research Branch, Experimental

Engineering Division, U.S. Army Cold Regions Research and Engineering

Laboratory. Funding was provided by DA Project 4A161101A91D, In-House

Laboratory Independent Research.

Steven F. Daly determined the instrument's capabilities and require-

ments. James Morse conceived the idea of interfacing a thermistor and

resistance-to-voltage converter to a microprocessor. Gary Trachier

selected the modules and components, built the instrument, developed the

software and tested the final product. The authors thank John Kalafut for

his assistance in building the instrument, Robert Demars and David

L'Heureux for their precision photography and assistance in making the

printed circuit boards, Mark Hardenberg for editing this report and Matthew

Pacillo for drafting the figures.

The contents of this report are not to be used for advertising or pro-

motional purposes. Citation of brand names does not constitute an official

endorsement or approval of the use of such commercial products.
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USACRREL PRECISE THERMISTOR METER

G.M. Trachier, J.S. Morse and S.F. Daly

INTRODUCTION

The study of ice in rivers, and particularly frazil ice, has been

frustrated by the lack of an instrument capable of determining water

temperature with sufficient accuracy and precision. For example, in the

study of frazil ice produced in rivers and streams, it is well known that

supercooling of the water during frazil production in the field rarely

exceeds 0.03*C, and never exceeds 0.05*C. It is vitally important that

temperatures of supercooling be measured accurately to within 0.01*C for

us to increase our understanding of the fundamentals of frazil formation.

.W-

Figure 1. USACRREL precise thermistor meter.
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Many other ice phenomena may also be critically dependent on small changes

of supercooling. However, until now there has existed no temperature

measuring device that is both portable and rugged enough to be used in the

field and that has the precision and accuracy necessary.

This report describes an accurate, precise temperature measurement

instrument recently developed at CRREL (Fig. 1). A unique feature of this

instrument is the use of software to compensate for temperature-dependent

variation in the instrument's circuitry. This greatly improves the

accuracy of the instrument over a wide range of ambient temperatures.

INSTRUMENT REQUIREMENTS

The meter would be primarily used to measure water temperature under a

variety of field conditions. It had to be built to meet the following

requirements:

1. Accuracy -- the meter should be accurate to O.01C ± 0.025C.

2. Operating conditions -- the meter should be able to operate under

a variety of field conditions in temperatures ranging from -30* to 20*C.

It must also be waterproof, buoyant, and rugged enough to withstand the

rigors of field use.

3. Usability -- the meter should have a digital readout of tempera-

ture. It should be hand-held and convenient to use. To allow maximum

portability, it should be battery operated.

INSTRUMENT DEVELOPMENT

General

Given the meter requirements outlined in the previous section, a

survey was made of the commercially available digital thermometers; none

that approached the required accuracy and resolution were suitable for

field use. The majority required a l0-Vac power source and all would

operate correctly under a very limited ambient temperature range. In

addition, none were rugged enough or waterproof. Therefore, we decided to

develop and construct a unit at CRREL.

The choice of temperature sensors was narrowed down to either a

Platinum Resistance Temperature Device (PtRTD) or a calibrated thermistor.

Both are widely used in industry and known for their long-term stability.

We chose the thermistor. Thermistors have a much larger change in

2
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Figure 2. Instrument circuit block diagram.

resistance per unit temperature change than a PtRTD, allowing greater

accuracy in measuring small changes in temperature.

There are two popular methods for precisely measuring resistance. One

uses the Wheatstone bridge, where the unknown resistance is matched to a

known resistance. The other uses a constant current that is passed through

the thermistor while the voltage across it is measured. The resistance can

then be calculated using Ohm's law. This is the principle behind a stand-

ard ohmmeter. These two methods are well proven, but inconvenient for

determining temperature. The user must first determine the thermistor's

resistance. He must then look up the resistance on a special table relat-

ing resistance to temperature. One of these tables must be on hand for

each thermistor being used.

ti We decided to use a calibrated thermistor, constant current and an

analog-to-digital (A/D) converter to measure the voltage (Fig. 2). This

voltage would then be used to determine the thermistor's resistance. To

avoid the inconvenience of conversion tables, we included a microcomputer

in the instrument to convert the thermistor's resistance to a temperature

reading. The calculated temperature is then displayed.

The known resistance of the thermistor can be used to determine its

temperature by use of the Steinhart-Hart equation (Steinhart and Hart 1968,

Yellow Springs Instruments Inc. 1971). The constants for the Steinhart-

Hart equation would be entered by the user into memory, and remain there

until changed.

3
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The Steinhart-Hart equation, which describes the temperature of a

thermistor as a function of its resistance, is

= A + B * (in R) + C * (In R)3  (1)
T

where T = temperature (Kelvins)

R = thermistor resistance (ohms)

A,B,C - fitting constants (determined through the thermistor calibra-

tion).

Hardware

The electronics are housed in a case that is 7 in. wide, 11 in. long

and 8-1/2 in. high, which can be hand carried. The case has been sealed

thoroughly with silicone sealant on all through-holes, cutouts and weld

seams. This includes sealing the joint between the top panel and the lower

box, and around all mounting holes on the top panel. Note that the hinged

cover does not make a waterproof seal when closed. The instrument's

electronics consist of an analog Printed Circuit Board (PCB) that converts

the thermistor's resistance to a voltage, and a low power microcomputer

that converts the voltage to a temperature reading and displays it. The

Figure 3. Hardware.
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bypass capacitors used; a bypass capacitor is placed between the digital
and analog grounds on the PCB).

microcomputer consists of a processor board, memory board and an AID

converter board. The microcomputer programs were created on a National
Semiconductor Corporation Starplex II microprocessor development system.

With this system, the microcomputer programs were written in a higher level
language, compiled, interactively debugged and then "down loaded" to the

microcomputer. Figure 3 shows the hardware.

Analog board

The schematic diagra of the analog PCB is shown in Figure 4. The

analog PCB consists of the circuitry needed to convert the thermistor's

resistance to a millivolt value and can be divided into two sections. The

first portion of the circuit is a voltage-to-current converter. It is a

standard "op-amp" (operational amplifier) circuit that converts the output

of the precision voltage reference to a constant current source (Stout and

Kaufman 1976). The AD2702UD precision voltage reference is the most stable

one available without an internal heater. Its nominal output is 10.000Vdc, with a low (5 ppm/0 C) temperature coefficient. We wanted one without
heater to minimizepower cons mpon from the bttery ac. The LMIO8AHM

Semicnductr Co por nsmtion batte mcopo essry dvpmetysem
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operational amplifier also has a very low power requirement and temperature

coefficient (1 vV/ 0C). All of the resistors in this part of the circuit

have temperature coefficients of only 2 ppm/0 C.

The last part of the circuit is a current-to-voltage converter. The

thermistor is placed in the op-amp's feedback loop. This assures that a

constant current of 12.207 pA is passed through it. The op-amp's output

voltage is then linearly proportional to the thermistor's resistance (Stout

and Kaufman 1976).

Microcomputer system

Processor board. .The processor board controls all Input/Output (I/O),

corrects the voltage for temperature-dependent variation, determines the

thermistor's resistance, and solves the Steinhart-Hart equation to

determine the thermistor's temperature. It has a National Semiconductor

Corporation (NSC800) microprocessor, 2 kilobytes of Eraseable,

Programmable, Read Only Memory (EPROM) and 2 kilobytes of Random Access

Memory (RAM). It also contains the I/O ports that interface to the

keyboard and Liquid Crystal Display (LCD). The machine cycle time of the

microcomputer is 1 ps.

Memory board. The program and thermistor constants are stored on the

* memory board. Seven 27C16 2-kilobyte by 8-bit EPROMs and one 52B13 2-

* kilobyte by 8-bit Electrically Alterable, Read Only Memory (EAROM) are

mounted on this board. The program is stored in the former and the ther-

mistor fitting constants in the latter. The EAROM requires a 10 ms write

cycle, so a hardware time delay was designed to lengthen the machine write

cycle from I ps to 10 ms.

A/D board. The A/D board converts the millivolt output from the ana-

log PCB to digital. A 12-bit CMOS integrating converter does this. There

are eight differential input channels that can be selected individually and

a programmable gain amplifier. The six ranges of the programmable gain

amplifier have full scale input voltages of 5.0, 2.5, 1.0, 0.5, 0.25, and

0.1 V. Temperature-dependent variations of this circuitry are corrected by

the software.

Only two of the eight available channels are used. One channel sam-

ples the output of the analog PCB and the other monitors an onboard temper-

ature sensor, measuring the instrument's internal temperature. This

6
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measurement is required to allow the software to compensate for tempera-

'ture-dependent variations in the analog PCB and the A/D board. The output

Ifrom the internal sensor is proportional to the actual temperature. The

relationship between the internal sensor output and temperature ('C) is

shown in Figure 5.

Software

The software has two tasks. The first is to control the instrument

itself, initializing the instrument when it is turned on, accessing the A/D

converter, accepting information from the keyboard, displaying information,

etc. The second is to accurately determine the temperature of the ther-

mistor. It does this by applying the compensations required because of the

instrument's temperature, calculating the thermistor's true resistance, and

then solving the Steinhart-Hart equation. Appendix A contains listings and

flowcharts for the software.

The software module that accomplishes the first task is labeled METER

(Fig. Ala). METER was written in the higher level language PLM80. This

language is very convenient for interfacing the several boards that form

the instrument and it is especially useful for testing and manipulating the

bits of data that must be transferred between the boards.

The software module that accomplishes the second task is labeled

TMPCLC (Fig. Alb). This module is called as a subroutine by METER. TMPCLC

was written in the higher level language PASCAL because it would have been

impossible to do the required calculations with PLMS0's 16-bit integer

arithmetic. PASCAL, on the other hand, is very good for mathematical

calculations but is difficult to use for interfacing boards.

J77
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As mentioned earlier, the instrument was developed on a National Semi-

conductor Corporation Starplex II microprocessor development system.

However, all of the Starplex system calls, file structure subroutines and

I/O subroutines were eliminated from the run-time library. This saves a

great deal of memory space.

Combining the PASCAL and PLM80 languages presented special problems,

including data transfer, duplicate function names and other interfacing

problems. To facilitate data transfer, all information is passed between

METER and TMPCLC through dedicated memory locations. This eliminates any

need for matching variable types between the languages. Debugging is made

easier when we know where each variable is stored.

METER

When the instrument is turned on, the program begins running METER.

The first function is to initialize the I/0 ports, the stack pointer and

the PASCAL pointers. The A/D circuit board is also initialized. The

program then repeatedly samples the A/D board. Sampling the A/D board for

a valid reading is a two-step process. First, the programmable op-amp is

set to the highest amplification, and second, a reading is taken on this

range and checked for an over-range indication. If it is not over-range,

the program returns to the main loop. If the reading was over-range the

op-amp is set to the next lower amplification. The A/D board is sampled

and checked again for an overrange condition. This process of reducing the

amplification continues through each of the six ranges until a valid

reading is obtained. This procedure is used to keep the number output from

the A/D board as large as possible without going over-range, thus providing

the maximum accuracy of the instrument. When a valid reading has been ob-

tained, TMPCLC is called and the reading is converted to a temperature.

The keyboard is sampled within the range selection loop. If the 'F'-

key is being pressed, the command interpreter subroutine labeled FUNCTION

is called. All other keys will be ignored. There are two things the user

may do while in FUNCTION. The thermistor calibration constants in use may

be displayed or new ones entered (refer to Appendix B for more detailed

operating instructions).

TMPCLC

The main function of TMPCLC is to convert the raw number output from

the A/D converter to a temperature reading. First, TMPCLC reads the ther-

8



mistor constants from the EAROM and combines the digits to form floating

point numbers. It uses a lookup table to determine the op-amp's voltage

range and the range-dependent temperature compensation coefficients.

The first compensation is applied to the full-scale voltage of the A/D

board at the range selected. Through experimentation, described in the next

section, we found that the full-scale voltage could be described as

VFS = a + b T + c T2 + d T 3  (2)
n n n n n

where VFSn is the full-scale voltage of the nth range, an, bn, cn,

dn are the temperature compensation coefficients associated with the nth

range, and T is the instrument temperature, determined by the internal

sensor.

Next, the raw binary output of the A/D board is corrected for tempera-

ture. This is done by the equation

Y =X 1 + mT +b (3)
n on

where X1 is the raw output of the A/D board, mn and bon are constants,

associated with the nth range, and T is the instrument temperature, deter-

mined by the onboard sensor. This equation in effect applies a tempera-

ture-dependent offset shift to the raw output of the A/D board. This off-

set was found through experimentation, again described in the next section.

The actual voltage measured by the A/D board is found as

MVADC = (Y/4095) * VFS (4)

where MVADC is the actual measured voltage, and 4095 is the total number of

bits at full scale. Next, there is a known offset associated with the

analog PCB, which is temperature-dependent. This offset, F., is deter-

mined as

F apCB + bPCBT + CBT2 + bPCBT 3  (5)

where aPCB, BPCB, cpCB, dpcB are the temperature compensation

coefficients associated with the analog PCB, and T is the instrument

temperature, determined by the onboard sensor. Finally, the true

resistance of the thermistor, RES, can be calculated as



RES = MVTRUE/12.207E-06 (6)

where RES is the thermistor resistance in ohms, 12.207E-06 is the constant

current passed through the thermistor, and MVTRUE = MVADC + Fs -

Next, the Steinhart-Hart equation (eq 1) is used to convert the ther-

mistor's resistance to a temperature. At present, the program will work

only with thermistors with about 5 kQ resistance at 00 C, as the exponents

of the A, B, and C coefficients are declared in TMPCLC as constants.

INSTRUMENT ACCURACY

The following sources of possible error have been identified.

Errors external to the instrument

Probe lead resistance

The probe leads will add resistance in series with the thermistor.

This will cause a decrease in the apparent temperature of the sample. The

6-ft 18-AWG (American Wire Gauge) stranded probe wire provided with the

instrument has a resistance of roughly 30 m9. This results in an apparent

temperature decrease of about 0.001*C at an ambient temperature of 20*C,

which is the worst case.

Self-heating of the thermistor probe

Self-heating is the increase in temperature of the thermistor from the

dissipation of electrical energy within the thermistor itself. Calcula-

tions based on dissipation constants for bead thermistors (Omega 1984) show

that for the worst case of still air, the temperature error is only about

+0.003°C. For a thermistor in a well-stirred oil bath, the error is only

+0.0004*C in the worst case.

Calibration accuracy of the thermistors

Measurement error during the thermistor calibration is another factor

but is beyond the scope of this report.

Uncertainty of the Steinhart-Hart equation

It has been shown that if the temperature span between any two adja-

cent calibration points is less than 50*C, the Steinhart-Hart equation will

reproduce the actual temperature within 0.Ol1C (Yellow Springs Instruments,

Inc. 1971).

10
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Internal Instrument errors

The remaining sources of error are associated with the instrument

itself. The individual errors have been characterized and, where possible,

are corrected by the software. The temperature correction equations in

TMPCLC play an important part in the instrument. Without them its accuracy

would be far less. The following procedure was used to determine the tem-

perature-dependent variation of the A/D converter board and the analog PCB.

Each was put into a cold chamber. The chamber's temperature was

varied while the input to each board was held constant. The board output

was measured and a regression done on the data relating the board's output

to its temperature.

Temperature effects on analog PCB gain and offset

Through the tests described above we found that the offset (Fs) of

the analog PCB was temperature dependent. Equation 5 determines the tem-

perature-dependent offset of the resistance-to-voltage circuit. We found

that offset error is much more significant than gain and nonlinearity

errors. The latter two are small enough to be ignored (see Fig. 6 for the

calibration curve).

Long-term stability of the analog PCB

The long-term stability of the circuit is both unknown and uncorrect-

able. The user should keep in mind, though, that most electronic instru-

ments should be recalibrated at least once a year.

Accuracy of the PASCAL math package

National Semiconductor's PASCAL math package uses 24-bit floating

point numbers internally. This maintains about 7 digits of precision. The

resulting error is insignificant.

J. I> N1



Round-off of displayed temperatures

The resolution of the liquid crystal display is 0.010C. This means

that the temperatures must be rounded to the nearest 0.01C before being

displayed. This contributes up to t 0.005C error. This error can be

reduced only by using a display with more digits.

A/D nonlinearity

The analog-to-digital converter's nonlinearity is uncorrectable and

contributes ± 1/2 bit to the instrument error.

A/D quantizing error

Quantizing error is present whenever there is converting between

analog and digital. The uncertainty is always ± 1/2 of the least-signifi-

cant-bit of the converter.

A/D input offset current

The analog-to-digital converter's offset is affected by the output

impedence of the previous stage. A higher output impedance results in more

offset. In this case the offset is negligible because the op-amp in the

previous stage has a very low output impedence.

A/D nonideal gain and offset

Equation 2 compensatea for the temperature-dependent gain change of

the A/D converter. The nominal full-scale voltage ranges are 5.0, 2.5,

1.0, 0.5, 0.25, and 0.1 V; there is a set of coefficients for each of the

six voltage ranges. The program uses a table to select the proper set of

coefficients. Figure 7 shows the raw data and regression plot for each

voltage range.

The raw output of the A/D conversion is corrected for offset shift by

eq 3. This offset error is temperature dependent and can be approximated

by a linear equation.

A/D long-term stability

The long-term stability of the circuit is both unknown and uncorrect-

able. The circuit board has not been in use long enough to be evaluated

over the long term. The user should keep in mind though that most elec-

tronic instruments should be recalibrated at least once a year.

Instrument error analysis

An error analysis was performed for two assumed field conditions. The

first was to keep the thermistor's temperature at 0°C while varying the

12
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Table 1. Thermistor at O°C with instrument temperature varied.

Error Temperature (C)
source 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35

Display round-off t 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64
A/D nonlinearity ± 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
A/D quantizing ± 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
A/D non-ideal gain ± 1.60 1.64 1.67 1.74 1.76 1.93 2.04 2.18 2.31 2.45 2.61 2.76
Analog PCB offset ± 0.18 0.14 0.12 0.10 0.10 0.10 0.10 0.11 0.12 0.14 0.17 0.19*

Total bits ± 3.42 3.42 3.43 3.48 3.50 3.67 3.78 3.93 4.07 4.23 4.42 4.59
Equivalent *C ± 0.027 0.027 0.027 0.027 0.027 0.029 0.030 0.031 0.032 0.033 0.035 0.036

*Estimated

13



Table 2. Thermistor and instrument at the same temperature.

Error Temperature (*C)
Source 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35

Display round-off ± 0.26 0.32 0.40 0.50 0.64 0.81 0.42 0.53 0.69 0.90 0.59 0.78
A/D nonlinearity ± 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
A/D quantizing ± 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
A/D non-ideal gain t 1.60 1.64 1.67 1.74 1.76 1.93 2.37 2.53 2.69 2.85 1.40 1.48
Analog PCB offset ± 0.18 0.14 0.12 0.10 0.10 0.10 0.10 0.11 0.12 0.14 0.17 0.19*

Total bits ± 3.04 3.10 3.19 3.34 3.50 3.84 3.89 4.17 4.50 4.89 3.16 3.45
Equivalent OC ± 0.059 0.049 0.040 0.033 0.027 0.024 0.047 0.039 0.033 0.027 0.027 0.022

* Estimated

instrument's temperature. This condition corresponds to water temperature

measurements made in the field. The instrument accuracy was calculated at

5*C intervals over the -35*to 20*C range (Table 1). The second condition

was to have both thermistor and the instrument temperature the same. The

instrument accuracy was again calculated at 5*C intervals over the same
-35* to 20*C range (Table 2). This condition corresponds to air

temperature measurements made in the field.

The main source of error was the uncertainty associated with regres-

sion equations describing the temperature-dependent variations of the A/D

board's full-scale voltage. The uncertainty of these regressions, found

using the 90% confidence bands, could be reduced by taking more calibration

data for the A/D board within the operating temperature range of the

instrument.

The error calculations in Table 3 are for CRREL thermistor serial no.

1805, which has a resistance of 5931.5 S and a change of 255 S/0C at 0"C.

Each error was converted to an equivalent number of bits at the A/D board

then all the bits were summed to produce the total system error. The total

Usystem error in bits was changed to an equivalent temperature. The total

system error describes the error band about the actual temperature

Table 3 contains the results of a calibration done on 9 and 10 January

1985. The instrument was placed in a cold chamber and connected to a known

resistance. The temperature of the chamber was set and the instrument

allowed to equilibrate at that temperature. The known resistance was used

to simulate thermistor no. 1805. The instrument temperatures were held

constant at four temperatures between -18.3* and 24.0°C. For each

14



Table 3. Calibration on 9 and 10 January 1985 (*C).

Simulated Error* Simulated Error*

Ambient temperature 24.0C

-1.00 0.00 1.00 0.00
-0.50 0.00 0.50 0.00
-0.40 0.00 0.40 -0.01 0.00
-0.30 0.00 0.30 -0.01 0.00
-0.20 0.00 0.20 -0.01 0.00
-0.10 0.00 0.10 0.00 -0.01
0.00 0.00

Ambient temperature 3.9C

-1.00 -0.03 1.00 -0.01 0.00
-0.50 -0.01 0.50 -0.01 0.00
-0.40 -0.02 0.40 -0.01 -0.02
-0.30 0.00 -0.01 0.30 -0.01
-0.20 0.00 -0.01 0.20 -0.01 0.00
-0.10 -0.02 -0.01 0.10 -0.01
0.00 -0.01

Ambient temperature -8.3°C

*.'4 -1.00 0.00 0.01 1.00 0.01 0.00
-0.50 0.00 0.50 0.00 0.01
-0.40 0.00 0.40 0.00
-0.30 0.00 0.30 0.00
-0.20 0.00 0.20 0.00
-0.10 0.00 0.10 0.00
0.00 0.00

Ambient temperature -18.4°C

-10.0 -0.02 10.0 0.04
-1.00 0.01 1.00 0.01
-0.50 0.01 0.50 0.01

-0.40 0.01 0.00 0.40 0.01
-0.30 0.01 0.30 0.00 0.01
-0.20 0.01 0.00 0.20 0.01 0.02

' -0.10 0.01 0.10 0.01 0.02
0.00 0.01 0.00

*Two listings means that the LCD was continually shifting between
.them.
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Figure 8. Error analysis (0C).

instrument temperature the simulated thermistor temperatures ranged from

-1.00 to 1.00C.

Figure 8 shows the comparison between the calculated and measured

errors with the thermistor held at 00C while the instrument temperature

varied. As can be seen, the measured error was considerably less than the

theoretical error.

SUMMARY

The following points would improve the instrument's performance.

1. Use a self-timed EAROM. This would eliminate some modifications to

the memory board and the processor board. The time delay circuit could

also be eliminated.

2. Add a low battery voltage indication on the display. Two of the

available A/D channels could be used to monitor the battery pack voltages
directly. A flashing indication would then alert the user to a low battery

condition.

3. Reduce the number of battery packs by using a DC/DC converter to

develop the needed voltages.

4. Use a 14 or 16-bit A/D for greater accuracy.

5. Add an indicator that shows when the battery pack is indeed charg-

ing.

6. Set the gain of the instrumentation op-amp to 10 rather than 1.

This can be done easily by grounding the proper instrumentation amplifier

pin. This will allow the use of four ranges rather than two on the A/D,

improving the accuracy on the upper end of the temperature range.

16



7. Take more calibration data (especially for the AID PCB) within the

ambient temperature range of interest, This will decrease the uncertainty

associated with the regression equations.
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APPENDIX A: PROGRAMS

Turn
on

Initialize:
Stack pointer

I10 ports
LCD, AID

board, variables

'i CALL
SAMPLE

Over rnge YDisplay 

error

Call
TMPCLC

Display
temp.

L

oa. METER

Figure Al. Program flow charts.
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Read internal
temp. sensor

Clear all flags
and set AID
to highest gain

pushed? FUNCTION

)'] '.Read

_ : thermistorU-

Select
next lower

gain

pN. Over range YG I

%u Set error
_ . .. .oflag
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Figure Al (cont'd).
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>>PETER <<C

writWon by Gary Trotior USA CRREL
List LDdpt: CTjonuary1Y

This orogrem hendlos ell of the input and output of the uP RyStot
end jiterfrces tc tno arithmetic proirre Thea hardar.e reiu rcpentS
Pro IPFe follcoin;

En otowutir "1H 6CN 7cecry board

t wcu t er C U-~ l I .U boar
Crtc StesCC-12 12-bit A/C board

CR15 orettp t!6bord PC3
C2 EL :rctetyp I PCE

Sow* of the rbova circuit ho frcs have tbeon modified. *#for to the
projoct roatIsbo k or s ceific Infoma tion.

MEAP: I?£F1c I PEARS T4AT PASCAL DOES NCT USE ANY SPACE
STARTING AT 190). CNLY 5C-100 BYTES AfE USED
dY To,= STACK AT ANY ONE TIPE. '

CATA: 1e00-lYFF

DECLARE SIGN !YTE; I. RETURN SIGN OF REACI'4G FRCM C04NLCNVRT C
CECLARE KEYCCOE BYTE; /* ACTUAL KEY INPUT C->F
CECLARE LOCATICN A:CRESS;
DECLARE CONSTANT BASED LCCATICN BYTE; I. DUPMY TEMPLATE FOR CONSTANS'
CECLARE CVERIUNDK YYTE; I.O'VERI ND SIRVANG IND CTNFRO SAPE'

I. 1(0 OOVE RANGE */
It OCCO 001xUNOER RANGE *1

DECLARE TEMPLO BYTE AT ClOOC11); Cc ccz (N9u s)0

DECLAPE TEMPI.I EYTE AT (10010);
DECLARE TiMPSGN bYTE AT (1002M);
DiCLARS ZROFLAG BYTE AT (1005I') I .ZR TH4E(FFST TO *O1C, eNCRMAL.OPERATION t
DECLAPS CDRA BYTE AT (1Q5$0F); /0 DOCR,cPqORT A (LCD CATACINLOWER NIB8LE)
DECLARE CORO BYTE AT CI10;I- /* DC9. PORT I (LCD OP, SIGNP /C5. DIGIT SELECT) C
DECLARE CORC BYTE AT (H EWH; 1* OCR, PORT C (KETSCARO) *I
DECLARE FORT& !YTE AT (14WC ; /: ACHRE S: OF OT A C
LECLAYC FORT! 3TYE AT (C O"1; I Acc Et OF P0 IT Ba
DECLARE FDRTC SYTt AT (108;p); 1C ACCRESS OF 0O4T C *
CECLfRE $FLAG OTTE AT (?FFCO.); /- =F9OM FLAG SHOWING T4A7 A-CONSTANT IS INITIALIZED C
CECLARE EcLAG BYTE AT (7FFEP); IC STROM FLAG SHOCWING THAT B-CONSTANT IS INITIALIZED C

CECL:RE CFLAC BYTE AT (?FFFKM);/ EgFOM FLAG SHOWING THAT C-CONSTANTIS NTALZD I
CECLARE CISPLAY ADDRESS; ji OSE TO SEND CATA TO 'LCD. - SIITAIE
DECLARE AOQONG AZORESS; I& RANw RESULT OF A/D CONVERSION INCL. FLAGS '
DECI.ARE l4zi ADDRESS; I G.P. LOOP COUNTER *
CECLAKE CUMMY AcDRESS; IG GP. VARIABLE C

CECLARE ~ ~ ~ ~ ~ ~ ,: C1: 1:J 8T 5 ITERLY* '3 / AS F TI' EZ ERDF F ET IN EB RON CC!LL AR AA SE LI TB RALL ; E :;I' I.B F A- C NPUN
CECLAKE EBASE LITERALL T7 C"; I. ASE OF B-OSAT8
DECLARS C8ASE LIT E aALL T 7 Ism I A BAS OF CCONSTANT
CxCLARE SETUPA LITERALL I .11111116B; 1: DIRECTION SETUP,: PORT A (LCD DATA *1
CcLR ST LITERALL V .1111 111 E' 1, DIRECTION ETL P. PCR ATB LCD COWNRL I SIGNS) *IDICIARE SETUPC LI.AL OOO-O F /I' DIRETO S ETUP FORT C TKYO ARD)
CECLARE 210 LI TERALLY :o 9
DECLARE STACKTCP LITERALLY 1FFFM; IC TCP OF STACK PE14ORY *
CECLARE FOREVER LITERALL T 'HILE V;
CECLA:FRE FAD LITERALL 1;RTC I: LOCATION OF KEYBOARD INTERFACE el

DECLAE KBMSR ITERL v.I1; I. DATA MASK FOR KEYSD CAR INPU" .DEICLARE KBDVAL LITERALL IV Uisl 9JU J ;IC DATA VALID BIT M4AK F OR EYBOARD INTERFACE eDCLARE ADDAYALO LITERALLY 2~ h I READ PORT FOR AIC L CW rORER YECCLARE AODATAi-1 LITiERALLY ZzI"'; iC READ PRT FRADhG IE YE.
DECLARE AUSTATUS LITERALLY *ZH ~ I REA POT FO AI STAUS*CECLARE AOPWR LITERALLY CO-,; I. WRITE PORT FORAlt F'OWEAS0 RE0SET CCNTSOL *I
CECLARE ADGAINCHL LITERALLY * 41. RTEPR O /CCANL£GANCNRLC
DECLARE FOWERON LIT!RALLY UCODol. UN AD-1 POWER ON -I
DECLARE FOWEROFF LITERALLY 1 I.7R CACt?1 AOWER pFF *1
CE CLARE RE SETOPN LI TERALLY I I A~ T1VATE ElSE O NC 

2
C-12 6/

CE CLARE cI ET7F F I RALY*D C Of6B I' CLEARRETONACC1 /

COLSTRT POCEDURE;INTERRUPT G; I' ROTINE .FOR'ESE R O

END CLOSTARIT1I 05 TC'pH1;jfY*-

TMCLC PRCDR TENLI.PSA RESISTANCE TO TEMPERATURE ROUTINY *1

fE81X~j1RCE0URE EXTERNAL; /* INIT. THE PASCAL INTERNAL POINTE0. *I

CAA:FROCEDURE (NUM) BYTE; It CONVERT S-fIT BINARY TO 2-01611 BOOCC
CECLARE NVN BYTE
CECLARE L SO BTE
IfCLARE PSO BYTE!

(I:NUM-LO)5
EN A;RETURN S PL( MSD,#) OR LSO;

ERCND T: PCAA;W off lf
ACOTIRCE L h~~~~ It ERSOECM E P SL~ACk A9 fONTT NN RAM .1

LARE LIMON ACORESS IfF S. LOP ON 6 B,

L 0 C ON CNEI. ACRE O BE EROED -ICECLARE CONST BASED LOCATION BYTE; 'C ONE-BYiB TEMPLATE FOR CLEARIN6 MEMOY *I



C.CLAR: C hAS L ITE ALLYCg DHIBAS FU -BYT CALCULA'EC A-CONSTANT '
DECAR~ICO~TLI1!RALLY .1 CAPH; I.BS OR 4.-BYYE CALCULATED BCONSTANT *

C;ICLARE CCONST LITERALLY 100CEMW I BAS- For 4-BTIE CALCULATED C-CONSTANT .

IF CCMCCCCE AKCD PASK)20AI- THPN
-.1!LCCATICN=AjONST; I.CLEAR THE A-CONSTANT .

LCCAT:CN=!CONST; /* CLEAR THE B-CCNSTANT '
IF C:MDCCCE AND VASK)RDC~ THEN

LOCATIONRCZDNST; /* CLEAR THE C-CCNSTANT *
CO INDExc1 TO 4; /* CLEAR THE 4-BVTE REAL NUMBER *

CC-NST=ZRC; /* CLEAR THE BYTE *i
LOCATICNzLOCA71tION.; /.POINT TO THE NEAT @YTE *

END ZROCCNST.

SETSCLR:FRFCED RECCPCRTE1TMSK,VALUE); 1*PORT,!IT ETICR ROJUTINE .
DCLARE P IT IYT; 1I CR POR A, RFO K P RY BI FOR PORT C *

ECAE 1MK iE AITS TO BE SET OR CLEAREC AR~ IAL~HR~AE0
C!CLARE VALUE !YTE; t- ?ITS CORRESPONDING TO THOS SE IN BITS S CULD

SE THE *IESIREC DATA, IE 1 CR C, ALL OTH4ERS ARE IRRELEVANT .
CECLARE SETOATA BYTE;
DECLARE CLRDATA BYTE;
DECLARE PORTASET BYTE AT 1cl Cm); I.PORT A BIT SET ADDRESSS RIECLARE FORTACLR BYTE AT (Ices"H) /* PCRT A BIT CLEAR ADDRESSR
CECLARE FCRTBSET BYTE AT (1CPDH); 1* PCRT B BIT SET ADDRESS *1
CECLARE FORTSCLR BYTE AT (1 CeqH); /* PORT S BIT CLEAR ADDRESS a/
CECLARE PORTCSET BYTE AT (C OEM); I. PORT C BIT SET ADDRESS */
DECLARE FORTCCLv SITE AT (I C BA); I- PORT C BIT CLEAR ADDRESS R

3ET AA CMTPSKAN ALUE Vj 1: B1ST ESTAE *
2LR 0 ATA= 31A T MS OXR VALE AND SITMSK)I* I TOBI LARDAENW1*
EO CASE CPCRT-1);

CO; t* PORT A .
P^IRTASET=SETCATA;
PORT ACL R=CLRCA TA;

ENO;
co; /~PORT e

PCRTBSET=SFTCAIA;
* PORTBCLR-CLRCATA;

END;
tO; /~PCRT C *1

PCRTCSETzSETCATA;
P CRT CCL P-RORA T A;

END;
END;

END SETSCLR;

LCOBYTE:FROCEDLRE COIGIT,ONEDIGIT,CEDCIKAL,HBAR,VFAR,VALUE); /* OUTPUTS ONE DIGIT OF DATA 9 VARIOUS
OF, BARS ETC */

DECLARE DIGIT SITE; /. DIGIT SELECT (0-3) '
CECLARE CNEOIGIT BYTE; /* ONEDIGIT ANNUNCIATOR, UNUSED *1
CEOLAR! CECIPAL BYTE; /a DECIMAL POINT, I-ON, C-OFF -1
EECLARE 5AR SITE; /* HCRIZCNTAL BAR *

Vdl /YE.I VERTICAL BAR *
ARE ALU OTIS; /* ACTUAL CIGIT'S VALLE *

CECLAPE iUMMY EYTE; I- TEMPORARY VARIABLE *

CECLARE ONENSK LITERALLY OCrC 01 .HL-II AK*
CcCLARE EPMSK LITERA LLY OC~O1 *DMAL OIT ''MASK R

CECLA I 1eMSK LITiP.ALLY E C~CD:o0Cll. i. HRIZCNTALBAMSKR
CECLARF V3FMSK LITERALLY . D'*1*VRIA BA MASKl*I
CECLA E VALM4SK LITERALLY 98U.11 1j /- NUVERIC DATA MASK R

VALUEzVALUf AND VAbOR LM: JIK;N ;HE OWER NIBBL
CIGITRCIGIT AOR D0D _0019); AN NGYSTEM '
FUMMIRSMLCDIGJ IV SEND THE HEXACECIMAL NUMBER TO PORTA 0/
,ALL SSTlCLRCd:,&O Clice, V); 1* SET UP THE DIGIT SELECT BITS at
CALL SETICLRCf' 0 0~'Or12 0000 5iOB; /- TH4EN SEND AN ACTIVE-LCW PULSE 'CALL SETICLCC~, 0 ie 1, DCC 505B) It TCODS% ON THE 7211R
CUUml4Y5rLCC(ONEI4 TND CNEHSKY ?);
CUMLLYIISLCEXA N CRMK,) / UODATE *1. DIGIT R13CALL SFTI CLAC2 , GCOC COO,OUPPY); /* UDCATE DECIM4AL POINT *I

I~~ 8 6~ Y/ I UPDATE HORIZONTAL BAR R

CLA !CUpY. UvCATE VERTICAL BAR a/

ENO LC33ITE;

NSIDELAY: FROCEDLRE (MS); J IC-MS DELAY ROUTINE '
CJA!COUNTLOCRESI
AELRE OCUNT A0COFE S;

DECLARE mOS BYTE;

DECLARE F3I1'LY LITERALLY 'OCM'. /* LOOP CONSTANT of

DO OCUNT-1 TO M5SDO OCLkT?-3 TO M
t
BE'LY;

/0 10-MS BLOCK *1

ENO PoSIDEL AT;

CSA:FRCV SfCCNCS); 10 1 SECCO DELAY ROUTINE '
A. 47 SEOD IE

AECCUNY I CRESS;

CECLAR! ELY LIERALLY ?2E9M*; I* LOOP CONSTANT A/

DO CA LGI C CLI;
1R 1 SECOND BLOCK *1
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EN);
:NO CELAV;

CNN~NX1F'~E~LE HA ,AIN,PCCI); /: C2E CONVERSIC11 FCR A SIGECHNE GAIN .
C~eLARE CAIN iTTI -1 > *
CzCLARE CHANNEL ?TYE;3 0 ->15 SINGLE-ENCEC, C->7 CIPFERENTIAL *I
CiLAR! POcE =VIE; /* 0-C!OFERENTIAL, I-SINGLE-ENDEC *
CNLARE CUMMY iOORESS;

CE:E:TVXLITERALLY i.RCSTAT jCdjJ
EZL IGNPS LIEAL hiRs l; STP IGCsNCIE*

CEiC LA R f CATAMSK? LITE QALLY CCOollil..111111O8';l* DATA PASK WIlTI- THE LOWER SITS AS "C4T CARE" h

ILS - _ _~IE /* DIFFERENTIAL '

" ODE=000 10 CCC ; /* SINGLE-ENCED .
CNVRT2:CUTPLTCACGA:NCHNCE).!HL(GAIN,SC) CR MOCE CR CIHANNEL; i SETUP GAIN, MCCI CHANNEL THEN CC A

CONvERSION .
CO w HXLE (INPUT(ADSTATUS) ANC ACTIVt)=IRC;

/0 WAIT FCR A/C STATUS RIT TC GO HIGI... hi
END;
CO WH ILE (INPUT(ACSTATUS) ANC ACTIVE)-O1Hl;

/* .. THE N LC.. h

CUMMYCINFUT(ACCATAMI) I- GET TH-E UPPER BITS 9 FLAGS *

SIGN=QCLC(DUMIAY AND SIGNPSK),1) /EXRC PSIN17a
CUII S 41.C :U POPY 8 G) ; /* SHIFT TO UPPER BYTE 4/
CUIPMY=CUVHY CR IKPUT(AOCATALC); /- THEN GET TH-E LOWER BYTE .
IF (ACRDKS APJD OATAMSK2) <> (CUMMY AMC OATAMSgT2) THEN

co;
ADRONCzOLMMY; f- SAVE ThE LAST RFAOING *1
,CTC CNVRT2; /- REP-AT UNTIL THE READINGS CLOSELY AGREE *

END;
aDORCGz3LHMmY; RETURN THE STABILIZED VALUE h

END CP-NLCNVRT;

V KEYIN:FROCEOUR;i / EeCUNCED SINGLE KEY INPUT ROUTINE h

CECLARE iMPKE BYTE;/ TEPPORARY RA W RE YCCD0e ST ORAG E
C!CLARE 9601T!L(1 0) eYTE ZA7A

(O0rl,01 -,02H,C 3i,C.4,,C r,C6H,C'M,O0pI,
C0M,CAH,C*IH,CCH,CD$,CE)-,CFH); / CONVERSION TABLF FROM RAW TO REAL KEYCOOE *1

CECLARE PAS LITERALLY 'CCO.11iBe' ih MASK CUT UNUSEDOTBIS */

CO WI-ILE ;(KSD ANC K3:VAL)-KaDVAL; I.WAIT FOR LAST KEY TC BE RELEASED h

ENO;
CALL MSICELAY CiC); /6 OELAY FOR 10-S 1 /KEYIli :tO WlHILE (KE3 AN: K3TVAL)-ZVC3 /* WAIT rC NEXT KFY INPLT h/

ENC;
IHPKEY1AD, /* GRAB THE RAW KEYCCCE FROM mEMCRY-PAPPED KEYBOORD PCIT */
CALL MSSLILAY (IC); /*02DLAY FCZ 10-PS .

IF TPPKSEt>KC T IEN
CCTC KI%1NI I. IF KEY !OUNCEC TH-EN READ AGAIN 0

KEYCC9E2KS'ZST3LCTMPKEY AND MASK); /- LOCKUP TPHE ACTUAL KEYCODE h

END KEVIN. to ANC RETURN TO CALLER. */

L :0: FROCECURE (ONcDIG!T,EECIPAL,HE!AR,VBAR,VALUE);
CECLAC= CNSD!C:T EYTE;
CECLAa' CECIHAL 3YTE;
C=CLARf P'EAR eYTE;
CH LARi ViAR cYTE;

LARE VALUE 30ACR=SS;I CCCED AS 4 eCO DIGITSP AAAA_9899_CCCC_0DO *1
CECLAR= INCEA 3YTE; /* G.F. LOOP COUNTER a/
CC INoE:Xzo To 3; /- OLTEUT DATA TO EACH LCD DIGIT *I

CALL LCOEYTE (INCIX,VN
1
DIGIT,DECIPA4L~t.BAR,vBAR,VALUE);

VALUE.$$4R(VALLE,4);
I NC;

EN.) LCD;

4TTRC:Fqc 1 R9QNTRUPT 1; 1- THIS SHOULD START AT C0OOB1 h/

CALL LCD CZRCp,IRC,ZRC,ZRC,)-EEEH);
CALL CELAY (IC );
CALL LCD (ZRC,ZRCZRC.ZRC,OGCCM);
CALL CELAY (ic);

T140 STERAOR;

FLNCTICN:FXDCEDkRs3 ARAY1C) J INVOKED BY 'F' KEY FRCM KEYBOARD *1
CECLAX. CONST!ARRAY ARA00BYTE; I* ARRAY FOR ENTERING THlE CONSTANTS *1
CECLARE 114C11 SITE; /* LOOP COUNTER 0/
CzCLARI INDEX? BYTE; /0 LOCP COUNTER */
CI-CLAR' CMCCOCS eYTE; /4 WILL EECOPE ICA, OE C A S C R EE -1
CECLAR:S ? BYTE; /- POINTER FCR THE 'CoSYANT!AAtYf o/
CECLAR EA:SE ACCRESS; /h POINTS TO BASE OF TH-E CONSTANT TO BE CHANGECCISPLAYEO 61

CO FOREVER; /* DO UNTIL BROKEN OUT? THIROUGH 'EE CCOMMAND #i
NECYCOCE- ZRO

CISPLAY. FFFFM; Ih PT F QDIPy..h
CALL LCD (ZRC.ZRC,ZQC,ZRO,t'ISFLA,); I.TCSGNI FY FU NCTION MD.10
CALL KEYIN; /0 GET TH-E FIRST KEY *1
CMOCOC-SmL(KfYCCOD'1); 1* AND MOVE IT TC THE UPPER NIBBL.E *I
CISFLAY-PEYCCCE;
CALL LCO (ZRO*LRCPZRC.24CPDISFLAY); /h KEY I TO LCD *l
CALL KEYIN; /o GET TH-E SECONC KEY *1
CMD0COCE-CPDCCCE CR KEYCOVE; /* CCOSINE UPPER AND LOWER NIBBLES */
CISPLAY-CPO~CCE;
CALL LCO (ZRCZFCZRC.ZRC,CISFLAY); / KE 2 TO LCD s/
CALL MSiCtLAY (SCC); /h 5C -MS DELAY h

CO CASE CPOCCCOI 1* NOW EVIECUTF THE COPMAND 01

220: I.DC 6/
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IF KEYCO N /4 POINT TO TOE A CONSTANT *
lF KEYCCDO-ON THEN

IF AECOEO ,ePsEN /* POINT To TO-E B CONSTANT *

CC keAsE.CIIASE; /A POINT TO THE C CONSTANT *
CC 0NE. T C 2 ; I GRCUP COUNTER *1

DC INCSX2O0 Tc 3; /k DIGIT COUNTER 'I
LCCATI0N*BASe*('..INOEX)+. 3INDEX2); ~.CALC. THE OFFSET *1
CALL LCDBYTE (INCEX2ZZROZROZRO,ZRO.CON!TANT); /6 DISPLAY

END;a GROUP CF I.

EN; CALL KEVIN; /* ANC WAIT FCR ISFR TO PROMPT FCR THE NEXT GROUP OF 4,
cNO;

cCC;

AFLAG-CFFm; 1*CLEAR THE BYTE a/
AFLAG-OAAH3 I THEN INIT. IT *1

EN; eASE.ABASE; /k ENTER THE A CCNSTANT '

IF KEYCOCE205" THEN

OFLAG*

EN; BASE-WBSE; I* EhTER THE 8 CCNSTANT *1

IF KETCC0E=OCI THEN

CFL AG.OF FM
CFLAG-OCCH;

EN; LASE.CEASE; 1* ENTER THE C CONSTANT A/

CO INDSX-O TO 3;
EN; CDNSTARRAYEIOEX).KEYCOCE; /* FILL FIRST I. PLACES WITH A,BC. OR V'

END; CS RA(kE)Z;
CC INCEX20 TO 13

END; DISPLAYaSHLCCISPLA,4 OR CONSTVARRAY(INCEX);

IsZO 'I IjT THE ARRAYPITR*
CO WOILE BASE? ( 11p; 1 DI I1 COUNTER~PITRA

KEYCDC E=CFH;
CALL LCD CZRC, ZRC,ZRC,ZRC,DISPLAY);
03 WHILE CKEYCDDE>9) AND (KEYCODE<>OeH); It WAIT FOR 0-9 OR 'e'

CALL KEYIN; KEY INPUT *1

IF REYCOCE<ICC TOEN I. DIGITS 0-9 *1
p CD;

CONSTSARRAYCBASE2+4U.KEYCODE; 1* SAVE THE DIGIT *
BASE2-BASE2+13 I. INC. THE ARRAY POINTER *1
CISPLAY-SHL(CISPLATS.D);
CISPLAY-CISPLAY CR KEYCOCE; It PUT TOE DIGIT ON THE

END3 DISPLAY i

IF KETCOCEOBI.. AND (BASiZ>O) THEN /* BACKUP A CIGIT-AT-A-TIME '
to;

BASE2-eASS2-1; /' DEC. THE ARRAY POINTER .
CO INDfXxO TO 3; /* BACKUP ONE DIGIT

RESTRUCTURE CISPLAY'
CISPLAY-SHLCCISPLAY.A) OR

CONSTSARRAY CBASE2*INCE);
END;

END; END;

CALL LCD (ZROcZRCPZRC,ZRC.DOISPLAY); 1* SHOWCTHE LASTICIGIT '
CALL CELAY (I ); I*. -SCCNO CELAY *1
CC INCEX-C TO 11; I' WRITE THE ARRA INT lEROMe*1

LOCATION 2BASf+INDFX; /* CALC. THE ESINA TION AD RES .1
CONSTANT-CFFPi /* CLEAR THE EERCP BYTE ... *1

EN; CONSTANT-CONSTIARPAY(INDEX.A); /* THEM WRITE THE ACTUAL DIGIT '

C ALL ZROCONST (CCCCOCE); /* CLLAR THE REAL-TYPE TV ALERT PASCAL
END; RCUTINE */

238: RETURN; /* E*/A RETURN TO TEMPERATURE PEASLRE MODE '

240: /* FO *1
CO;

120FLAG:; lDCAOFST ER OCIC NEXT TIME TPPCLC IS CALLED *1CC LC INOFETBSE TC OFFSE TRASE

c~; CONSTANT2CFFP; /* ERASE THE EERCM SO A NEW OFFSET CAN BE WRITTEN *1
ieTURN; IA GC BACK TC TEPPERATURE MEASURE MODE Al

END;

CIHERWISE Do; i' THIS COR E IS FOR ALL INVALID ~MAyS*
ALLC (?,Z CZRC,aEEE ); /* PECW jEE eerPA N ERROR CCNDITION *1
EAL OfLA ( );~ 1. WAIT FOR I SEC~O *I
CALL LCD (ZRD,ZRC*ZRCPZRC*OOOCH); 16 THEN ZERO THE DISPLAY '

END;
%NC;

END;
END FLHCTION;

SAIA: OjCESCO VE-SICNl OF THRTTR CE1MP. SENSOR .CAFE~IL1RU.IN ADORD S"TCC HI*I - I ANE
CLARE 9CNG ADRES S T C1L 3"); IA 16-FIT SPACE FOR AID VALUE *1

C!CLARE GCODSPFL 3YTE;
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DECLARE AMPTMP ADDRESS bT (IC12H); I * SEND PCB TEPP. TO TPPCLC RCUjYINE *1

~': ' :gCWp: OV e5PV~ HL, S. 2UTC0; !JGN ETC. *
LECLARE NEGPCS LIY:;ALLY *lC;088OaQOO~COe-; I.A/DoSIGN EXIT 1CPCSNO;NEG '
CECLARE CVRFLWFLAG LITERAL LY 1 OO 0ULa; OVER THE CDYN AMIC RANGE OF THE OP-AMP 9 A/D SYSTEM .

I: READ TNH PC B TEMP.,SENSOR -1
5 A I '-N DOG A(?'6 I AI S MAS K CU TO- F L AG T S *

c AIN I SYAPT WITH MAXIMUM GAINd'

11C w IILl GOODSMPLzZRO; I* LCOP 'TILL A GOOD READING OR THE LCWEST RANGE 1S
REACHED .

IET C CF=JRO;
IF (RD i N KeOVAL)2KEDVAL THEN

KEYCOCEmXED ANC KDmSK; I' GRAD THE KEY SEING PUSHED *1
IF KSYCOCE-OFH- THEN

CALL FUNCTION; It GC INTO THE FUNCTION MODE *

CALL CMNCNVRT C GANO*I READ THE THERMt j7R *1
. G AN ATM K* SAVE THE CA AA T'

IF fACQN AhC ovaRF LI Z INC THEN
GOOOSP Lx C 1"; I* GCCD CONVERSICN, NO OVERFLOW '

ELSE
c; IF GAINtZRO TO-ON

DO ;
OVERIUNDRaOVRFLWFLAG; I' FLAG AS AN OVER RANGE REACING ON

LOWEST GAIN RANG
EN; GOODSMPLAOPFF; I. SET FLAG SO WE CAN BREAK CUT CF LOOP

FL SE
GAIN-GAIN-1; I* TRY THE NEXT LOWER GAIN SETTIN G *1

ENO;
END;

END SAMPLE;

MAIN:OC; I.MAI OESC N
STACKPTR-STACKTCP; I ST UP THE STA CK PINT ER
CALL BeG)QC; /- SET UP THE PASCAL INTERNALS *1
CDRA-S!TLPA; to SET UP THE NSC810 1/O PORTS t
C OR B SE TLPA;
CDRC-*SE TL PC;
;CRTA.ZRC; /* CLEAR ANY GLITCHES STORED IN LATCl *
FORTE!illI D3OCl!; 1* SET UP DIGIT SELECT I SPECIAL CONTROL SITS CN LCD .
CuMMY PORTC;/ CLEAR THE KEYBOARD LATCH */

* C ~ALL LCDCl 1f11,EEH; 1 TURN A L .CISP AT SEGMENTS CN... .
CALL DEA C;/~ ANC WA T1SCN..
CUTPUTCADPWR)-POWERON; I.POwER UP THE CADC-1?EZ/
CALL MSSCELAYC5D); 16 WAIT 002 5Crs ... a/
CUTPUTCACPWR).OC.ERON CR R!SETCFF; /* ...THEN CLEAR THE RESET BIT *I-
CUPMY.INFUTCAOSTATUS); /* CLEAR TN CADC-12 INTERRUPT BIT *I
ZR:FLAG-ZQC; I*CLEAR TH4E AUTO ZEIC FLAG *I

CALL ZqOCONST (CAI'); I. CLEAR T4i A CALCULATED CONSTANT *1
CALL ZAo'OOST (CCH); 1* CLEAP TH4E E CALCULATED CONSTANT *
CALL ZCCCONST (CC"); 1t CLEAR THE C C ALCULATED CONSTANT *

:0 WHILE (AFLAG<>CAAP) OR CBFLACC-)OBBH) CR CCFLAG<COCCM);
CL PUKCT ION;I FCRCE ENTRY OF N!6 CONSTANTS IN NEW EEROM *1

L~ LCATIC04-CFFSETBAIF tO OFFSETBaASE+3I
'N; CCNSTANT-ZR 0; ZERO THE OFFSET IF A NEW EECH *

END;

CO FCRfVEQ;
CALL SAMPLE; I. GET A READING *

16 OVclWR-ZQCTHEN
ALL L C 02 (ZRaC,ZROZRO,ZRC,CEEEH); 1* DISPLAY AN SRROR INDICATION '

ELSk

EC CALL TCL I.CNVERT RESISTANCE TO TEMPER!ATURE *1
DIYNDAA(TERPHI); I. CMB I' NTS UPPES.. WI

CISPLAYSSMLCDISO L AY,eC) OR DAACTEHPLO): It ANtL. R IIT~*
CALL LCD CZ40., 1 ,NOT TEPPSGN,DISPLAY); /* AND OUTPUT W/ CM5SGN TO DISCLAY *I

END;
ENO;

END PAIN;
0!714TE;
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C. >>> TkPCLC (v 1.C) <<<
PI Itten by Gary Tracl-i~r, US CR55

Last uc*d: ! aru~r1~

This progr:,pirterftc,@: to the ririCode flawd MET .
It is I I td is n untyped orcr a METER. Thisyrout;in.

ures eh a~bi ru-.e f 1o tg , the thewietor c costonts
tAt r store i jARCI, ano the aS~ ipettinq of the instruuentato'
00-M as incuts. it then u:es the Stei hert, Hert eaustion to

Cal ulte tna& t1&ecerature. The tImmeature is returned to tl-o
vain Code injTEHOLO ard TiH'1,1.o TENLO is an8-bjt repreaentatbon
o f te tf .1it, to the0 pr IqI of the% ecI i Ootnt. Thu ii
rangeo frem 0 to ;9. TMPH I is a Value froc toa 99 c 0rro.ndinc
to t~le too digits ti t , 1lefIt ofI the Gee p @ oint. the sign
of the tempoeture, is returned ar TEPOPSISN.

it the wust oe inked to ,hg ekef1.et"G: S51 ir~y n h
rrlcc:atIe code fre ;M2TER * Pefar to tta acilption and
lInk#~ instuctions fr soecif.

PROGRAM CUMMY;

VIaR AT fE9C~j~yaLjC3; CO
p1EFZ USY jt 

eNC
PROCUR s LC; BEGIN 5NO;
PQOCfCUR V ieN: ic; SC : 'ACSPEN) EPU2LIC3; BEGIN ENE;
FUNTO GTWLQG (LEN: WCRO; CST: ACSP!P): .gORC EPUBLICI;
UB1NGGLN GTUCC :- ENG;

PROCEDURE PLTLC9 PUBLIC'; BEGIN END;
PROCECURE NCL Q Q PU!LICi; &EGIN END;
PROCEZURE INILQQ C puetlCl; 6GI N END;

OSOCECURS TMPCLC CPUfLIC:;

CONS?
AHULT 1.01-0!; C.MULTIPLIEQSNFOR ThE TihSMISTOR '
3" ULT *1.OE-04. C CNST NT FANTISSAS. 01
CMUL7 I .CE-07;

- E~ :~?~~~;~ NTN~FRT4 NLOG3PC%,TfMEATR

OCOEF2 =-0.AC62?CE-13;

VAR

4jE8hj jgjjIj 1,:;t3 JII T : 1IY 81fl :
AICOkNS? EORIGI% 160?C'? SINT; C A-CONSTAN.T. DIGIT 3 .
ACOKST COqGGIN 16:7?S : SINT; C A:CONSTANT, DIGIT 4 .
ASCCl.3T iDo :C*I 1be?8c4) SINT; 0' A-CONSTAN, DIGIT S '

*Aa.C3NST COPICG1It 1t7%5) SINT; (* A-C
0
NSTANT, DIGIT d4

C~~S C.RIC:N % '6830A CIY : A:EOJIIN ; D~ 1:* ~~~A3CCNST CO ' 6 0

A 1 C C T O I GtI K 1 6 a 0 7 ! N T; A -C O d A NI . D %'I T 1 0 .I C.S : P,: o0:7N $1; C: :~CON TNY. DIGIT S.I1cCCKST 0 IGIK I 1670 St 1N 7 C 0 ACNT:NT DI3GIT I1.
5 IICN ST ;OIICIN 1657' CA $ IN?; &et-CONS TAIT. DIGIT 1 '

5,' B.,COh 0: KOII 16:79 C 'INT; C'SCN IT IjT j.,CONST 0 RGNk 167 ? C SIN C; i -CON TINT . TI
BSC 0%S T Oil G N 16 : 7 ,1 SINT ;C BC O N ' TNT . 0 1 61? T
, aCGNST ,omzGtN 16a Nu'N; . S-ON T TNT 1 II 0 '3t 0
i)CONST ~O I I Z SIN I. CONB TAIT 0IGIT 7 ')

W 7N' 8 I~~15 'i 'SI c N.TNT at:I
C(U ST 0 IT , 71 SIT ON 7
S11CCNST ~ ~ g MRGI 13F~ SNT'B-CONSAT DIG 1 1 '

CKST 9 ORGI 16 7T1 $ 7j IIN CC-OSANT. fIGITS '
aCONST ORIGIN 16 ill 51 SN? Y; C-CONSITANT. DIGIT OM,:

8ICSCST ORIGIN 91 C e SINT; Ce C-CONSTANT* DIGIT 11 ')

O.COKSI I ORIGIP. 6AAPIP SINT; C C-ONSTANT; DIGIT 6'
N7CON it ORIGIN- 16'"? aE SINT;* C C-ONSTANT. D IGIT 7
ccos SCNS CO GIN 16:71C F SI NT; C -CON STINT, DIGIT 5 a)
COCONBT IO RIGI% lee MCI j SENT; (4 CC 4 ONBTAN?, 01GIT 9 '
CCO CCST C ORIGIN 157'? 1 SIN?; C -:ONSTANT, DIGIT 10

16CNT OII lC?J *LINT,; C-CO N'TIT DIGIT1'

OFFSET (ORIGIN 1607F24; REAL; C ZERO CFFSET PC* TPE SISTEP 03
TEHPLC ORGN16#11~ JIN. .O TWO DIGITS O0F RESULTING FRIN

TIMPPI C OR 1k 16: "' INT ' D'R*'1TEMPSGN Cal h 1e 7; S' N o IEA

NUMBER" CRGI 6R1CZI] IN4TEGER, C' 6-PITESISTANCE PASSEDFOM *04TNEPLN MAINMPOCULE 03
APAN COIGIN l 1601 INTFGER C GAIN SETING CFPRORMa& L IP-IP )

B LCTEP~.TR!SVFS REAL; C LOCAL VARIABLES 0)
CY.,MIVITUE,M~VACCE,FANGE RE AL;

OPPS1M.CFF I 6! REAL;
XCDEF1BCO A 1,C C EFIS: REAL, CeOE;FICIENSFRADIA RF U OTM.'
ZUOFLA DRCIN I 1 310 C S IIT * LE STOED ;CFFSE7/, l1.CALF. B STCRE NEW OFFSET ')
ACON? OR0 GIN 1.0I1' O f~ RAL; CREULTANT A iONSTANT .3

AMB8TPP IORIGIN 16:1 aITE G C N aE MG'E THE CN-BCIPO TEMPERATURE SENSOR #3

IACCNSTRC.C THEN

BUILD a 0 0
Lul] : A~~N~.(aC04ST I 10.C3 0 CACOMST 1 100.0) 4 (IACONS? / ICOC.O) 0 CASCONSTI
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'UlLC all PU!C * ce 5 NJCo;8 89 -* CNST / 1CCOCCC.0) + CAPCCST I1CCOOCOO.C)+

SU!LO alllULc (AICCONST I OOCCCOCCC.C) + (A11CONST /IOO0CG000000.C);
ICONSI:- EUILC AMULI; C.FINAL RESULT *

!NO;:

I' OCCN$Ta9.C THEN

FUILC C. .0;:
!UIL3 : S1CCNST + C92CONST 10.0) * (53CONST / 100.0) + C54CONST/ IO1CC.O) # (95CONS?

SUILD :S UILC + (eOCCNST I lCQ0CO.Q) * (97CCNST I 1CCCCCO.O) 4 (88CCNST / ICCOOCOO.O)+
(e9CCNST / l00OOoOC );

e B UILE * (SICCONST / 1000COOCCO.C) + (S11CONSY / 100COOOCCOO.C)
eCONST:. eUILC 0 SMUL7; C0 FIKAL RESULT 4)

IF CCCNST.2! THIN

EUILO : C.0; C2OS
SUILD : C1CCNST -* COS / 10.0) # (C3CONSY / 100.0) 4 (C4CONST / 100C.O) + CCSCONSTI

qcOC .0);
EUILD BUILD # (C6CCNST / 10000C.O) 4(C7CCNST /I CCOCCO0) + (COCONST / ICCOOCOO.C)

(U~CQCCNSTC/ 10C000
?UL UIL IL C (Ci CCNST I MSACCO .0) + (ClC1ONST / bOOCOOOCOOO.O);
OCONS?:. UILC CHULT;:C FINAL RESULT *

ENO.:

CASE AMPG LII OF
.C : IM 5. .C VCLT RANGE *

RANGE :- S.C.( THI1S RANGE IS UNUSED *
CFFSEYP:. 7* 1E-C3; (CNUPBEP OF BITS DRIFT IN A/C OFFSET BETWEEN -4C + 20 0)
CFFSETS: 115
ACOEFI:e 5.25372;
!COEFi:, 0.?S8o''E-04;
CCOEFI:- -O.lC 7!) E-Ct;
CCOEF1:- O .4C73C1 E-1C;

ENC;

1:EC-I (a 2.5 vCLT RANGE .
RANGE :- 2.5;:c ThIS RANGE IS UNUSED *V.'CFFSETH:= 7.561E-03 C NUFiER OF SITS DRIFT IN A/C OFFSET BETWEEN -4C 9 420 *

?CCEFi .35!E0*
CCOE'1:H 0aS c fEC;

ENC;

?:BEGIN RAGE. IC 1.0 VCLT RANGE *

CFFSETPI:z 7.561!-C3;C NUPBER OF BITS DRIFT IN AID OFFSET BETWEEN -4C 9 *20 0)

ACOSFI:. 1.2 S;
cCOiF1:. -0.aA141ME-cA;

3:FCGI 0.5 VCLT RANGE *
CANGE : 5
CFFSET":s .) 914 * 0..: NUPI!EP OF BITS DRIFT 1N A/C OFFSET BETWEEN -4C 9 *20 *
'F'SET?:--15.29;

EG CEFI: . 1)21;:
CCC'BF 1: I.OYef1 1;

END.:
4:SEGI's C'OMS 0.25 VCLT RANGE *

CFFSiTP:- 7.51E-C3. C NUPSER OF BITS DRIFT IN A/C OFFSET BETWEEN -4C £420 e)
CCPFSET :'- 19
ACOEFi- :' llj
!COEFI:. I -3

CCOEF 1:: 0 .913PISEC?;
CCOEF 1 ME 0 42E .-11;

EN #4;

!:SEGIN C.0.10 VOLT RANGE 0)

C P 7: P:46iE-3 (a NUFRER OF SITS DRIFT IN A/D OFFSET BETWEEN -4C £ 420 a)
CFFSET!:'-21.69;:
AC QEFi:. .15
ECSIFI:. 1:I.5141M~

.6~ CCO EFI:. Q!Q)8-E

END;
.6 END:

VFS :'ACOEFI * (SCOEFI *AMIMP) + (CCOEFI *AMeTMP a AM6TmP) + COCE IFt ISM *ABF ANBTMF)I ACTUAL
FLL SCALE VOLTAGEfTP

I :* NUMBER * (OFFSETP AM6TMP 4 OFFSETS); C*CALC. THE OFFSET CQIl FOR THE A/C £ CORRECT 'NUMBER'*

MVACC :- CY/4055)*VFS; (* CALC. THqE ACTUAL VOLTAGE GCING INTO TI-E A/C CCNVERTER .

1*. ANALOG PCeCO RECTION 1AY4 FL WS.
Cl :.ACOEF2 * CBCO!F2 a A149TFP) 4 CCCOfF * wP *IBM)4COfZ N P*AAM AINSIMP):
NVTRUE :8 PVADC 4 Ci; C.CALC. THE ACTUAL o*V ACROSS THE THERMISTOR a)

Ris :- MVTRUE / 12.20?!-C. C FINALLy CCNVEPT QV TO RESISTANCE a

:9 A CO ST 9CCN 3 3 :*1T. 00CN$? & T * SOA(y);( STEINPART, "ART ECUATION *
Temp :- 1.0 I x C.?31 COhVERT TC CELSIUS *

IF EROFLAG I TI-EN
IEGINk

CFFSET :'TEPP - C.01; C C. CPFSET POR THERVISTCR IN TRIFLE-POINT CELL *
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ZRCFLAC 0~(; C. RESET THE FLAG *

TEMP :- YEMP - OFFSEI; C'REFOVE THE SYSTEM OFFSET o)

IF TEPP ).O II
ELSEG:. C POSITIVE TEMPERATURE e)

I::: EPsrN : 1; C. NEGATIVE TEMPERATURE.)
TEMP TEMP 4 0.605; C. OLNO TO 0 MAL PL L )
TtMPI-I TRLNC(IEA4P); CtUPPER TWO DIGITS C F T EMPERATURE aA lIMP- TYMPI C' EEP THE FRACTIONAL PART .TIMPLC :=TRUNC(TEMP - 10C.0); (. LOWER TWO CIGITS CF TEMPERATURE '

E N EN C: ENE CFTEPPCA C P@:CC ED8RE *
iEC INEN. iN sE'4C 0 aIN M CUL'-),

PUBLIC ACORCC, AC2RCQ, ACIRqC; AC4RCC, eEGMGGQ
PUBLIC CLNZCC, CSXiC;. CUPN.C ECNJCC, EFGXCC
PUBLIC END-;~ FACRCQ: FROX~ ANC. .'C
PUBLIC MDRVCC. INYnC3, J1 AC, J 2CZRp J3'2QQ
PUBLIC J'.QRCQ, LCKJCQ, FCSRQ : PSZRCC, $NUXCC
PuBLIC RtCECC, ;EFEC, SEP E, AS; C 4:Trxcc
PUBLIC SOSJC;, STKG; , ST sC, xxGcc pR2GCC
*IJBLIC XX34I.., XX&GC., IMPRY

dsog

* ~~FRP C:5

PAL R. C:3S
AC2RCC:CS1
AC3RCQ:Cs I
jac" RCQ:OS1
e(GGQC:OSZ
CLBECC :DSZ
CSXE QQ:OSi
CuNa 11:0S2
10 C:DS1
I 04G0c:S1

PNUXCCOS2

RECEQC:DS2
REPECC:DS
RE PEQ :a s

STI Hj:os~
xx G:~

ExxGCC: OS 2

eCNJ~c:OSl

CSEG
LCNJCC:C!-CNJCQ-FRPXC;

smMRy: ch 1 9OOM fill ir itP, letoest AVAILABLE rem lecotlon

!FGXQC:3S1
CSEG
G&PHCC:OW1?3

STKBCC :05
SPSJCC:Z52
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NOW > XTCA <

TITLE Entxf entry /' omit code for Microsoft P020 Pascal
SUSITI Strrplex-II verston

System and procedure @"try end oxit pOint rcutines

;William rox, April 19!2

;Gictals

PuBLIC WSART
PUBLIC EEC.XCQ,1C TSCC, NCXCC,ERTECC.FXSSMC

EXTR% eEGNCQ,t0 QQ,CSXEC,CUR4COEFGXQQ
B XTRt' ENDnCQ,E'kI';:, NDL2IBNatCOEtTGCQ
EXTRK FRPXCIJrQPICC I-RF.Q PhCRVCC 1IIUCO
F eT.& hNTmCC,PNUXZC,OECEOC,REFEQ.,Rt -.

SxxTAN 9ESECZ,S7K
5
Q,STK4Qi.

EXTPF% INNS)

Oel jned symtbols

NMTP SET IFFFi- ;Too of avrilffble mebvery (not, constants ore octal)
ExIT SET C0061- ;adr cf exit routine

SSIART: JMP eEGXI.

SU6TIL eogcq - sys
t
em entry point and initialization routine

Main system entry coin! and initialization rcutine

1) Init the stack ocinter, freme vointerv and stkbqo.
j)I it EFGxXCQ to isro.

mi epi un it, ie . set beghcop curhoQ, endhoa, end stkhao.
4~) Init the mahn error c cnteetV by Zeroine reseq2.
5) Init the source error c ortct by zeroing cseco.
6)Iit the unit initieliza tion systee by zeroing pnuseac.

?) Init the file system by zer o ing hdf Oc and hdrvqo.,,,,E) Init theo machire depenldint file syt 0 by calli; no.
9) Call the escepe initirlIzetien rcutine egoo

1C) Call the moin Crcgram at gntgaq.

OP. C
BEGXCC: PCP E ;CGP4T) return address of PLN code

LXX h,O*C
SuLC CSiELQ
SnLO IRPJIC ;Inlit the froe pointer
SMLD PUu6C
SHLO R85810
SHLC I0RrCQ

S"LO 1.3VC 0
LX: h,((F- -2) ANG 1777?oO)-C;-L highest address -2 on even

;boundary
S;-4L ;ini t t he stock .ointer
PUSM F ;(GMT) put return rdp'ress of PLN cod* On the now stack
DCX IC~
SHLII STKBC. ;ucon stack-heaIp collision,,restore the so from this

al . used by rIpoac for aong jumps

E FGXQ4 is Used by ENCXC; as I *have I teen ?,ere before* flago to avoid
recursive errors witr ENDC;..

N A
STS EFGXCI

Init the heap unit

LX t.L ;NRround it to even
NOV A,L
A.Ni !?60
NOV L,A
My! F,O ;mark the first block as free
S"LO eEGM40
SMLD CURGQ

JLO EOMCQ
ALL FS~qC^;init stkhao

CALL INIUCQ hInit the machine depe~ndent file system
RET ;( GM?) return to t he PL main prcgree
CALL BEC.OCC ;a lowm the user to Imit thin gs
CALL ENTG4 ceI h an rga
JMP INCXII. ;# 11 ti hd
SUBTIL erteoo - entry point helper for Sruntie

procedure brteca (offset: %Ord)

*Sluntjee entry point helper - if this IS the top levelentry ,intoth
runtise System, ftcre the user rcutii'e'S erro r con text ito to . *asco

03 C

BRT62c: POP h ;P4L :- my return address
XTNlL ;04L :2 offset to my caller's return address

;ofG -0 " ffsetdto m-y.calle r's return address
LVG ;"e10Ihve aedy dn hs

LOA KESECQ#1
OVA a
JNZ !RTX Ye
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NOV AC -C of offset te my caller',j return address
CHA
NOV C.A
NO0V A's
C 14
NO0V E .A
I IN C
LNL3 FQPXCQ ;0L :- :y Caller's fr1ame paIntr
CAC C h1- :address ofSP my ca r S r *turn eddress
Nov E,N ;OE :- mC clr' return address
INN I.
NOV t,M
INS I.
XC?4G
SnLD AEPEC1C ;store the user's c
XCMG
NCV E,M ;c' :- my caller's srved Irae ocinter
INN 0'
NOV CN
XCNG
SMLC REFECJ ;~Save the user's frame pointer
LXI 1'.O+C .:the eC9O is an unsecmented machine ...
SHLC REC=.O ; so Save 0 CS the seI ntbs
ILIL. FRPSiC ;my ciller's callar's stac-k poitri ce
LXI C,2+C a to uC calr sru ponte
DAD C
SLeD ;eS!C.

iRTX: REY
;end of Ife CoepJI

SU8T7L Endxcq -system exit Voift and terminatien rcutjne

Main system tee'einetior routine

1) If EFGXQC Is zorco invoke the escape termination routine ENOCCC.
2) Close all open files by calling endyac.
3) Invoke the mfchi's dependent file system termination routine, enduqa.

3 3) Returr tc Stercli by *jump to EXIT

05 C
ENDC: LOA EFGXCQ

JNi ENX1
aINQ a
jSTA EFC-XCQ

CALL ENOOC;
ENXI: CALL E 4 OT1

CALL ENOUC
imp EXIT+8
SUaTYL Ertecq - exit point helper for Sruntime

3 rocedueo erteco;

lRurtimt exit voint h*elper -if I'm returning from the too level
entry inti the runtiwe system, restore the error contest

06 C

EOTECC: LNLD RESECO ;hL :a error context sp
ACN. ;CE c(roseqo)
LHL3 FRPXCQ ;ML :~current fp
INN P ;HL :~MY Calle0r'S calIler's sp
INS h'

icy L ;if sp greeter than er toual to rtseaa,
SUB I 3zero error contest
NOV A,"
S55 C
JC ERIN
LSI 1-,C+C
SHLD -ESECO

cATS: REl
;end Cf 3ifetcempil

SUeT7L xSihoc -Public subroutine to c 'Puta sttkhq

*STKP Q is 61ed to cetect collision (within CAPNCQ) of the stack and
IPth heap; if the current s p a STENCI dos not produce a cerry, they're

* too close. STKMCQ should a s oa EOQ GAPC.
SNC.: LNLQ 1NNCOC

XCIG o~ ndhoo ML :mscratch
LMLO GAPMfC
DAD C ;hL :*endhaa + eoahce
Nov APL ;negat. it
CMA
Nov LOA

NOV h.A
N4X P ;make it tea's complement

NMY 1. 0 ;release the hepP pretection Smapahore
STA IwiTmCQ
RC?
END0 ISTAIT

E ND

lnelo#Se the Peap pret
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APPENDIX B: INSTRUCTIONS FOR OPERATION OF THERMISTOR METER VERSION 1.0

Getting started

1. Connect a thermistor to the connector on the top panel. Make sure

all connections are clean and dry. If the instrument is submerged

while in use, remove the thermistor connector and make sure that

the pins are dry. Any water could cause a leakage path around the

thermistor and have the effect of raising the measured tempera-

tures slightly. This effect will be more pronounced when low

.temperatures are being measured.

2. Turn the CHARGE/OFF/ON switch to the ON position.

3. If the constants for this thermistor have been entered, the actual

temperatures will be displayed. If different constants are

required then follow the Entering constants procedure. If "FFFF"

is on the display then follow the Entering constants procedure

from step 2. (You will not be allowed to exit the FUNCTION mode

until all three constants have been entered.)

Entering constants

1. Enter "F" to invoke the FUNCTION mode. "FFFF" should be on the

display.

2. Enter "EA,", "EB" or "EC" to enter a new A, B or C constant

respectively. For example to enter a new "B" constant simply type

"EB.

3. The display will now show "AAAA, "BBBB" or "CCCC." The 11

digits must now be entered, with trailing zeroes if needed. The

display will scroll to the left as they are entered. If you make a

mistake you may back up a digit at a time by entering "B". This will

cause the display to scroll to the right. Any digits that roll off

the right end of the display are lost and must be reentered. After

entering the eleventh digit you will be returned automatically to

function mode signified by "FFFF" on the display.

4. Repeat steps 2 and 3 as needed.

5. The constants may be verified by following the procedure

Displaying constants from step 2.

6. Return to the temperature mode by entering "EE."
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Displaying constants

1. ENTER "F" to get into the FUNCTION mode. "FFFF" should be on the

display now.

2. Enter "DA,* .DB" or "DC" to display the A, B or C constant. The

first four digits of the mantissa will be displayed. You may look at

the rest of the digits by pressing any key. Each keypress will bring

up the next group of four digits until all 12 have been seen. The

third keypress will bring you back to the function mode, signified by

"FFFF" on the display.

3. Return to the temperature mode by entering "EE."

NOTE: If you make a mistake and enter an illegal command, the display will

blink "EEEE" at you briefly then return to "FFFF". You may now try

again.

There are rechargeable batteries in the meter. They may be charged in the

following manner:

1. Turn the CHARGE/OFF/ON switch to the OFF position.

2. Locate the line cord. It has a three-pin grounded plug on one end

and an eight-pin Bendix connector on the other.

3. Mate this Bendix connector to the one on top of the instrument and

lock it in place. Make sure the pins are clean and dry.

4. Plug the other end of the line cord into a grounded iI0-Vac

outlet.

5. Turn the CHARGE/OFF/ON switch to the CHARGE position.

The batteries should be fully charged in about 8 hours. The meter

should run continuously for 6-8 hours under normal conditions. The

battery life may be less when the ambient temperature is below -20*C.

CAUTION: The meter has been sealed completely to waterproof it. Removal

of the top panel or turning of any screw heads on the outside of

the box will break this seal.
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